Introduction

28
Surface energy measurements are very frequently used in material sciences to investigate wettability, adhesion 29 characteristics, specific interactions with other molecules, cohesion and coating performance [1] . The most commonly 30 used method to achieve such measurements is the Sessile Drop Technique using a goniometer which is relatively easy to 31 perform and inexpensive. It consists of producing a drop of liquid on a solid and measuring the angle formed between 32 the solid/liquid interface and the liquid/vapor interface, which is called the "contact angle" (CA) [2] . This angle, 33 measured for a minimum of three types of liquids, and the known surface energy of the liquids are the parameters that 34 are used to calculate the surface energy of the solid sample [3] . The main disadvantage of this method is that it is unable 35 to reflect the totality of the surface energy properties, even if multiple droplets are deposited on various locations on the 36 sample. CA gives reproducible results, but problems of reproducibility and accuracy may occur, in case of droplets that 37 are not axially symmetric, or with surface-accessible pores, which can decrease the droplet volume by capillary action 38 during measurement [4, 5] . To overcome these disadvantages, alternative methods of measuring surface energy must be 39 developed. Two of the most common alternative methods are capillary intrusion of liquid analytes into the sample and 40 analyte adsorption onto a sample bed at infinite dilution using Inverse Gas Chromatography (IGC). Capillary intrusion 41 and conventional IGC are both restricted to the samples in the powder or fiber state and also to polymers and polymer-3 coated supports, either packed in columns or deposited as a film on the inside of a column to create a capillary column.
43
Nevertheless, a significant advance has been made recently with the development of a new system called film cell 44 module for IGC, which is convenient for flat and monolithic samples. That is why we chose to focus on this last method 45 as an alternative to CA measurements.
46
IGC is a vapor adsorption technique, which consists in an inversion of conventional gas chromatography. Physico-47 chemical characteristics in the stationary phase are studied by injecting specific well-characterized gaseous probes [6-48 8]. IGC is conventionally performed in columns containing the packed solid under investigation in the powder or fiber 49 state. The interaction between these probes and the solid material forming the stationary phase is then investigated by 50 determining the retention time for a given probe and used to calculate many physico-chemical properties, such as 51 
53
For surface energy determination, IGC presents many advantages compared to CA measurements: (i) the ability to 54 quantify strong interaction occurring between the solid and the probes that cannot be characterized by contact angle 55 measurement because of a contact angle close to zero [11], (ii) no problem of nanorugosity and surface heterogeneity 56 [13, 14] , as the interactions of the probes are measured all along a wide solid surface and give mean values of interaction 57 through the measure of the retention times, whereas CA measurements are restricted to the number of droplets 58 deposited on the surface. Film cell module for IGC provides quite a large interacting area with gaseous probes: a 59 relatively large rectangular sheet of flat sample (10 x 400 mm) is submitted to a gaseous flow carrying the probes, 60 which are situated in a small groove all along the sample (iii) IGC is less time consuming, (iv) IGC is an accurate, 61 versatile, reproducible method, with relatively easy sample preparation, (v) advanced IGC instruments have been 62 developed with fully automated operation, humidity and temperature control, in-situ sample preconditioning; thus 63 experiments may be carried out over appreciable temperature ranges, so that the temperature dependence of 64 thermodynamic interactions can be determined.
65
The field of application of conventional IGC is wide. It concerns materials in the powder or fiber state and also 66 polymers, that are either coated onto inert support and packed into columns or deposited as a uniform film on the inside 67 of a column to create a capillary column [ [21] . The new film 71 cell module for IGC is able to extend these different application fields to monolithic thin solid films.
72
In the present work, we compare three approaches to determine the surface energy of solids, including the dispersive 73 and specific components: (i) conventional IGC at infinite dilution (IGC-C) with solid samples in the powder state 
86
(v/v) for 10 minutes with an orbital agitation (100 rpm, Heidolph Rotamax 120). Then they were rinsed five times with 87 sterile ultrapure water at 40°C for 5 minutes with the same orbital agitation. Each film sample was finally wiped with 88 optical cleaning tissue (Whatman 105), and was dried at 40°C into an incubator. All samples were stored at room 89 temperature.
90
For CA measurements, a minimum of 10 droplets were measured on each surface.
91
All experiments involving IGC analysis were performed in triplicate, so a standard deviation can be calculated. 
where P i and P 0 are the inlet and outlet pressures respectively.
137
In practice, j is considered to be equal to 1 when using the film cell module. 
where C is a constant depending on the choice of a reference state of the adsorbed probe and also on the total area of the 143 solid accessible to the probe, R is the gas constant and T the absolute temperature. The main aim of this paper is to investigate the use of a new system called film cell module for IGC, to study the 187 surface energetics of flat and monolithic samples. In order to assess whether meaningful data were obtained using this 188 new module, the surface energetics of the same materials in either the granular state or in the film state were assessed by 189 using respectively IGC-C and IGC-FC.
190
The IGC-FC method allows direct access to the surface energy of solid films. However, the use of the film cell module, 191 which is made of stainless steel (Figure 1 ), leads to a measurement bias because it is not inert. The empty module has a 192 significant polar component for its surface energy that must be substracted by performing a blank. The dispersive 193 component is, however, negligible. In contrast, IGC-C columns are made of inert glass and a blank is not necessary.
194
The results from both IGC-FC and IGC-C are summarized in Table II; (Table II) , except for PA and for the electron-donor component of glass. For PA, both 201 dispersive and specific components of surface energy obtained from IGC-FC were higher than the ones obtained from 202 IGC-C. For glass, the electron-donor component from IGC-C was higher than from IGC-FC.
203
Comparison of the surface energy obtained by IGC-FC and CA for materials in the film state
204
CA is one of the most commonly used techniques in the characterization of surface energetics and wettability of 205 materials in the film state. It was therefore used as a point of comparison with IGC-FC.As observed in Table II, with CA measurements, compared to IGC-FC, for which a value of 47.9 ± 3.3 mJ/m² was obtained (Table II) 
250
The differences between results from CA and IGC are well known and the discussion about this point is out of the scope 251 of this paper. These differences arise from the vastly different energetics between the two systems, involving 252 gas/condensed phase interaction for IGC and condensed phase/condensed phase interaction for CA. In the present study, 253 another difference was introduced between the two systems through the difference in RH values during experiments: 254 RH was not controlled during CA experiments and was equal to the ambient atmospheric RH which was 50% that day.
255
This is one of the reasons explaining the important difference in the 
271
Thanks to these preliminary results, it can be concluded that IGC-FC appears as a viable method. However, more 272 extensive study is needed to identify the origin of differences with standard IGC-C, since the differences in surface 
